The Effect of Mitotic Poisons on Hair Growth in Mice  by Strauss, Richard E & Kligman, Albert M
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RICHARD E. STRAUSS, M.D. AND ALBERT M. KLIGMAN, M.D., PH.D.
Mitotic poisons have a marked inhibitory effect on rapidly dividing cells such
as are found in neoplastic tissue. The purpose of this communication is to show
that some of these agents strongly interfere with cellular proliferation of a
normal cutaneous appendage, hair. The cells of the hair matrix are unique be-
cause their rate of turnover probably exceeds those of any other normal tissue
with the possible exception of the bone marrow. The daily rate of human hair
growth (about 0.35 mm) lends support to the belief that mitotic activity in the
bulb is probably greater than in most malignant tissues. An investigation of the
effect of mitotic poisons on normal hair has two possible applications. 1) The
interference with hair growth may be used as a screening test for new anti-
cancer agents; 2) Depilatory agents may be found for clinical use in man.
It has been shown that hair growth in the mouse occurs in cyclic waves
(1, 2). New cycles can be initiated by plucking hairs which are in a resting
stage. This method provides ideal experimental opportunities since the stage of
hair growth can be exactly controlled. The responses of growing hair are quite
different from resting ones. In the present study, the anti-mitotic agents were
applied during the period of maximum cellular activity in the hair bulb.
EXPERIMENTAL STUDIES
Thirteen agents were selected for preliminary testing. Those soluble in normal saline
solution were made up in concentrations of 1:1000, 1:10,000 and 1:100,000. The insoluble
agents were ground in a mortar dispersed in a 1% aqueous solution of Tween 80, and the
concentrations adjusted as above.
The three dilutions of the different agents were then injected intradermally, into the
right posterior portion of the backs of C-57 black mice, weighing 20 to 25 gm. The mice
were plucked 14 days previous to the injection at a time when the hairs were in the resting
stage. 0.1 cc of each concentration was injected into pairs of mice. An untreated control site
which had also been plucked 14 days previously was available for comparison. The new hairs
erupted on about the 11th day after the plucking and at the time of the injection the hairs
were 2—3 mm long. Hair growth is dependent on the steady elaboration of keratin by the
rapidly dividing cells of the hair bulb. Suppression of cellular proliferation in the bulb (the
hair matrix) is directly reflected by loss of hair. The rate and extent of this hair loss is an
indirect index of the injury produced in the matrix cells by the test agent.
I. Effect of mitotic poisons injected intradermally.
The results are summarized in Table 1. Whenever hair loss occurred, it took
place rather abruptly on the fifth day following intradermal injection. As can
be seen, the three most active agents were 4,6-diamino-l-(p-chlorophenyl)-l ,2-
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TABLE 1
Depilating effect of intradermal injection of various mitotic poisons in mice
CONCENTRATION
1:1000 1:10,000 1:100,000
Triethylene melamine +++ ++ 0
N,N',N"-Triethylene phosphoramide + 0 0
N, N', N"-Triethylenethiophosphoramide + + + 0
Achromycin hydrochloride 0 0
Aminopterin + 0 0
Dichioro aminopterin magnesium salt 0 0 0
4,6 - Diamino - 1 - (p - chiorophenyl) - 1,2 - di-
hydro-2,2-dimethyl-s-triazine hydrochloride. ...++ ++
5-Amino-7-hydroxy-18-triazolo(D) pyrimidine 0 0 0
Folic acid 0 0 0
2,6-Diaminopurine H2S04 0 0 0
Ethyl carbamate 0 0 0
Colchicine ++
Trimethyl colchicinic acid methyl ether d-tartrate.. + 0 0
+ Minimal hair loss (area less than 5 mm).
++ Hair loss (5—20 mm).
+++ Loss greater than 211 mm.
Fja. 1. Depilating effect of coichicine injected intradermally into the backs of C-57
black mice. L to R: 0.1 cc of 1:1,000,000; 1:100,000; 1:10,000; 1:1,000.
dihydro-2 ,2-dimethyl-s-triazine hydrochloride, triethylene melamine, and
coichicine. At concentrations of 1:1,000,000 and 1:10,000,000 there was no
detectable hair loss with these three agents; 1:100,000 (.001 %) was the greatest
dilution capable of noticeably interfering with hair growth. See Figure 1.
II. Effect of topically applied mitotic poisons on hair growth.
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(a) 4,6-diamino-1- (p-chlorophenyl) -1, 2-dihydro-2, 2-dimethyl-s-triazine hydrochloride
was painted on the backs of mice the 14th day after plucking. Concentrations of 1:100,
1:10,000 and 1:100,000 in normal saline solutions were used. Approximately 0.2 cc of the
compound was applied daily for 3 days with a cotton-tipped applicator.
No disturbance of the normal hair growth was observed.
(b) Coichicine, diluted 1:10 and 1:100 in equal parts of alcohol and water, was painted on
the backs of mice. For this experiment white mice (Carworth Farms) were used.
All mice died after 6 days, at which time no hair loss was observed. Evidently
the deaths were due to absorption of toxic quantities. The toxicity of coichicine
(as well as triethylene melamine) was found to be much greater in white than
in C-57 black mice. Perhaps weaker concentrations applied for a longer period
of time would have had a depilatory effect.
III. Effect of subcutaneous injections.
Colchicine in dilutions of 1:1,000, 1:10,000 and 1:100,000 in physiologic saline solution
was injected subcutaneously on the 14th day of hair growth into the backs of mice.
The results were about the same as with intradermal injections, except that
a larger dose was necessary to produce a similar amount of hair loss. The 1: 100,-
000 dilutions injected subcutaneously had no visible effect.
IV. Effect of intradermal injections at different days in the hair cycle:
(a) For this experiment both black and white mice were used. This caused some dis-
crepancy since the quantitatively dissimilar reactions of these two strains were not antici-
pated. Colchicine and triethylene malamine were used in dilutions of 1:1000 and 1:10,000.
Intradermal injections into C-57 black mice were made on the 8th, 11th, 14th, 17th, 20th
and 23rd day after plucking.
The results for the 8th through the 17th day were the same as those given
above for hair in the 14th day of its cycle. On the 20th and 23rd day, the en-
suing hair loss was considerably less (especially on the 23rd day). This re-
fractoriness reflects the inactive state of the hair bulb, as after about the 18th
day of the cycle, the club hair is formed and the hair rests. During the resting
stage, proliferation of cells ceases. Intradermal injections during the resting
phase of hair growth are difficult to perform as the skin is appreciably thinner
at that time.
When the experiment was repeated with white mice, a concentration of
1:1,000 of coichicine and of triethylene melamine killed all of the mice. Death
due to colchicine occurred within 2—3 days. With triethylene melamine death
was delayed for a few more days. Evidently white mice are quite susceptible to
the toxic action of these agents. Hair loss occurred with the 1:10,000 dilutions
except when the injection was made on the first few days of the anagen phase.
After the first days, the stage of anagen did not influence the results.
V. Hair regrowth in C-57 mice injected intradermally with colchicine.
(a) When the coichicine was injected on the 8th day of anagen, hair loss occurred on the
13th day. Curiously, the injected areas did not get out of phase but showed regrowth 6 to 7
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days later. The telogen stage was not delayed and succeeding hair generations showed all the
hairs on the back to be in the same phase of growth. However, the 1:1000, but not the
1:10,000, dilution produced permanent greying.
(b) The mice injected on the 11th, 14th, and 17th days of anagen showed a much longer
period of baldness, ranging from 2—4 weeks. Cyclic activity in the injected area was out of
phase with the rest of the back. The 1:1,000 dilution again produced permanent greying. A
striking phenomenon occurred in the mice receiving the 1:1000 dilution. Hair loss was ex-
tensive and involved almost the entire back. Regrowth of hair in the depilated area was
faster, however, on the right side of the back where the injection was given, than on the left
side. Obviously, the drug had diffused out considerably from the injection site. Somehow
the stronger concentration in the injection site provided a stimulus for regrowth. Perhaps
the inflammatory reaction induced by a cytotoxic concentration encouraged faster regrowth,
whereas there was only a mitotic inhibition effect with the weaker concentrations existing
several centimeters from the point of injection.
VI. Histologic observations of white mice given 0.1 cc of 1:10,000 coichicine
intradermally.
The mice were injected on the 9th and 14th day of anagen respectively. Biopsies
were taken 6, 9 and 30 hours after injection. The control sections were taken from
uninjected sites in the same mice. The sections were stained with hematoxylin
and eosin and also with Feulgen's method. There was no histologic evidence of
inflammation. The percentage of hair bulb cells arrested in mitosis was deter-
mined. Whether the injection was made on the 9th or 14th day of injection did
not alter the result. At 6 hours approximately 15 % of the cells showed mitotic
arrest and at 9 hours about 30%. At 30 hours, most of the cells in the hair
bulb showed degenerative changes, although a few metaphase cells were seen
higher in the hair bulb, a site which had no mitotic figures at 6 and 9 hours.
In control biopsies, less than 1 % of the cells were in mitosis. Hair loss in mice
treated with colchicine was obviously a mitotic inhibition which secondarily
interfered with keratin synthesis.
VII. Determination of the sulfhydryl inhibiting capacity of the active com-
pounds:
Using the method of Flesch and Kun (3), colchicine, triethylene melamine
and the triazine compound were tested for their ability to inhibit sulfhydryl
groups in vitro. No inhibition was noted with any of the three compounds.
DISCUSSION
Triethylene melamine, coichicine and a triazine compound caused temporary
hair loss when injected intradermally in dilutions of 0.01 % or less. Perhaps,
higher concentrations of the other compounds tested would have produced a
similar effect. A common characteristic of these chemically diverse substances
is their interference with cellular reproduction by altering mitotic behavior.
The chief end-product of the rapidly dividing cells in the hair bulb is the protein
keratin. Inhibition with the reproductive activity of these cells is attended by
cessation of keratin synthesis and subsequent hair loss. The inhibited cells
eventually recover and resume their normal keratin producing function. In
general, stronger concentrations caused a greater delay in the return of hair.
Recovery was more rapid when the injection was given in the earlier rather
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than the later part of anagen. Resting hairs, are more resistant to the depilating
effect of these agents as there is no cellular reproduction during telogen. Hair
loss occurring during this stage is evidently due to the cytotoxic effects of those
agents and a resulting cellular degeneration, rather than an anti-mitotic effect.
The difference between the purely anti-mitotic and the cytotoxic effects of
these agents is a matter of concentration.
Subcutaneous injections of colchicine caused hair loss in the skin overlying
the injected site. The loss was not as great as with intradermal injection since
the drug is in more immediate contact with the hair bulb when given intra-
dermally. Epicutaneous applications were ineffective in producing hair loss.
Since colchicine in alcoholic solution was lethal, absorption did occur.
Flesch and Hunt (4) have recently demonstrated that a group of unsaturated
compounds characterized by CC bonds have the capacity to cause local hair
loss in laboratory animals. He postulates that these compounds act by binding
free sulfhydryl groups and thereby preventing normal keratin formation. How-
ever, none of the unsaturated compounds have been shown to be mitotic poisons.
The three most active mitotic poisons in this experiment which caused localized
hair loss failed to show sulfhydryl inhibition in vitro.
The production of hair loss by the technics reported in this study could pos-
sibly serve as a method of screening anti-cancer agents.
SUMMARY
1. Of 13 mitotic poisons tested for their capacity to cause hair loss in mice,
coichicine, triethylene melamine and 4,5-diamino-1-(p-chlorophenyl)-1 ,2-
dihydro-2 , 2-dimethyl-s-triazine hydrochloride, produced reversible hair loss at
certain concentrations when injected intradermally. Other routes of administra-
tion of the drugs were not as effective in causing depilation.
2. The depilatory effect was brought about by inhibition of cellular multi-
plication in the hair bulb.
REFERENCES
1. DRY, F. W.: The coat of the mouse. J. Genetics, 16: 287—340, 1926.
2. CHASE, H. B., RAUCH, H. AND SMITH, V. W.: Critical stages of hair development and
pigmentation in the mouse. Physiol. Zool., 24: 1—8, 1951.
3. FLESCH, P. AND KUN, E.: A colorimetric method for determination of sulfhydryl groups in
tissue homogenates by 1- (4-chioromercuriphenylazo) -Naphthol-2. Proc. Soc. Exp.
Biol. & Med., 74: 249—251, 1950.
4. FLESCH, P. AND HUNT, M.: Local depilatory action of some unsaturated compounds.
Arch. Dermat & Syph., 65: 261—269, 1952.
